A pilot-scale sequencing batch reactor (SBR) treating 120 m 3 /d of a town's wastewater was set up in 2009 and aerobic granules with a mean diameter of 0.28 mm, mixed liquor suspended solids (MLSS) of 7,500 mg/L and sludge volume index (SVI) 30 of 43 mL/g were achieved. A full-scale SBR with 50,000 m 3/ d for treating a town's wastewater was operated in 2010 and aerobic granules with a mean MLSS of 2,285 mg/L and SVI 30 of 52.5 mL/g were obtained. Aerobic granules had excellent performances of chemical oxygen demand (COD) and NH 4 þ -N removal and remained stable for a long time. Raw wastewater and SBR operating mode had a positive effect on aerobic granule formation. Therefore, aerobic granular technology could be successfully applied in the full-scale bioreactor under specific conditions. Future development of aerobic granular technology is the application in full-scale continuous-flow reactors.
INTRODUCTION
Aerobic granular sludge is a promising biotechnology in wastewater treatment. Since aerobic granules were successfully cultivated in laboratory reactors (Mishima & Nakamura ; Morgenroth et al. ) , the subject has attracted more attention due to its unique properties of a more compact structure, better settling ability, and higher bio- It was considered to be a milestone for aerobic granular technology in larger-scale reactors and also confirmed the applicability of the technology in practice. It was also reported that two other full-scale SBRs on aerobic granules were successfully applied in the Netherlands (Giesen et al. (Li et al. a) .
) and China
This study describes the aerobic granular technology successfully used in pilot-scale and full-scale SBRs in a WWTP in China. The characteristics of granules, reactors' performances, and the reasons for granulation are discussed.
It is hoped that this study can shed new light on promoting the application of aerobic granules in full scale. (60 min), and discharge (20 min) stages. After 7 days, the settling time was changed to 20 min. It is worth noting that the Agnail aeration device was employed in the pilot system to control the particle size of aerobic granules. The Agnail aeration device and air pipe layout are shown in Figure 2 .
METHODS

Wastewater and seed sludge
Full-scale SBR
The full-scale SBR system included fine screening and regulating reservoir, pump plant, primary sedimentation tank, hydrolysis tank, SBR, and advanced treatment process, and is shown in Figure 3 . 
RESULTS AND DISCUSSION
Aerobic granulation in pilot-scale SBR Figure 5 shows MLSS and SVI in the pilot-scale system on the first 85 days. The SVI decreased rapidly from 78 to 43 mL/g on day 28, and then remained stable. Simultaneously, MLSS increased promptly from 3,800 to 8,488 mg/L on day 46, then decreased gradually and then remained stable. To improve the sludge properties, measures of improving COD volume loading and shortening the On day 50, aerobic granular sludge with dense structure and irregular outline was dominant in the reactor ( Figure 6 ).
Finally, aerobic granules with average diameter and SVI of 0.28 mm and 43 mL/g were obtained. The granular size (Table 2) The influent and effluent COD and NH þ 4 -N in the pilotscale SBR on the first 85 days are shown in Figure 7 . After around 26 days' running, the effluent COD and NH þ 4 -N decreased to 120 mg/L and 3.2 mg/L, respectively. After 50 days, COD removal rate was maintained at about 88% and NH þ 4 -N was almost all removed. The system was operated continuously for more than 400 days and maintained high removal efficiencies for pollutants. The result indicated aerobic granules could be formed and maintained in a 
Aerobic granulation in full-scale SBR
The MLSS and SVI in the full-scale SBR on the first 85 days are shown in Figure 8 . With operation, the SVI declined to 42.5 mL/g after 13 days. On day 22, the SVI increased to 62 mL/g and then fell to 42 mL/g after 28 days. The average SVI remained around between 40 and 55 mL/g after 85 days. As well, the MLSS gradually increased to 5,512 mg/L on day 25. After 135 days, the MLSS was maintained between 2,800 and 4,000 mg/L due to discharging a certain amount of sludge every day including granules. Finally, excellent aerobic granules with a diameter of 0.5 mm, SVI of 47 mL/g were achieved on day 337. Additionally, Figure 9 shows that aerobic granules could remain steady from day 337 to day 1,425 in full-scale SBR.
After complete granulation on day 337, the COD and NH þ 4 -N removal rate were detected continuously for two months (Figure 10) . The effluent COD and NH þ 4 -N were about 90 mg/L and below 1 mg/L, respectively. The effluent COD and NH þ 4 -N met the wastewater discharge standard in China (COD < 100 mg/L, NH þ 4 -N < 25 mg/L). This suggested that the full-scale system with aerobic granular technology could resist organic loading shock and had excellent performances of COD and NH þ 4 -N removal rates, although the influent quality changed greatly. It was detected that Flavobacterium and Thauera were significant in full-scale SBR. Thauera played an important role in nitrogen removal (Li et al. a) . In the modified oxidation ditch, the volume and area of settling area were adjusted by movement of a vertical baffle to control settling time. The RFBR was divided into several cells using baffles; influent started from a right to left direction (forth flow) and then switched from left to right (back flow); settling time was controlled by adjusting the inflow rate and settling cell volume. These showed that periodic feast-famine, shorter settling time, high shear force, and no return sludge pump were designed to enhance the granulation of aerobic sludge. It is predicted that aerobic granules 
Possible reasons for aerobic granulation
